This paper proposes a panel fixed-effect threshold model to study how different levels of international reserves contribute to stabilizing the exchange rates in emerging market economies. Our model identifies a reserve-to-debt threshold ratio after which the marginal stabilizing effect of reserves begins to fall during tranquil times. Such diminishing returns, however, do not appear to exist even at the excessive level of reserves during the recent global financial crisis. These results call for deeper international macro cooperation through reserve pooling or swap arrangements to enhance efficiency of reserve management.
Introduction
The most widely used benchmark for an international reserve adequacy ratio suggests that countries hold liquid reserves equal to a full coverage of foreign liabilities maturing within a year (Greenspan-Guidotti rule). However, the amount of reserves in emerging market economies (EMEs) has far deviated from this benchmark rule, particularly in East Asia, after the financial crises of the late 1990s. Two popular arguments for the excess reserve hoarding are a precautionary motive to hedge against future sudden capital reversals, and a mercantilist motive to keep export competitiveness (Aizenman and Lee, 2007) . Both motives are intimately linked to exchange rate (ER) management, which motivates our focus on the reserve adequacy ratio and its signaling effect on the nominal ER volatility.
Larger stockpiles of reserves may signify that a country has more capacity for foreign exchange intervention. Also, countries with more reserves relative to short-term debt have generally better weathered the 2008-09 financial crisis (Bussière et al., 2015) . Nevertheless, the self-insurance through reserve buildup can involve considerable opportunity costs when there is a wide spread between the rate of return on domestic credit and the risk free rate.
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In addition, a non-linear reserve effect on the real exchange rate volatility may raise the efficiency concern of amassing massive reserves (see Hviding et al., 2004) . This paper proposes a panel fixed-effect threshold model to explore the marginal ER stabilizing effect (which we call marginal returns) of reserve accumulation in EMEs, and study the following questions that have not been previously addressed in the literature: i) Is there a particular reserve adequacy ratio after which diminishing returns kick in? ii) Did this point of decreasing returns change during the recent global financial crisis?
Threshold model specification
We develop a threshold regression model by adding international reserves and financial crisis to the standard determinants of nominal ER volatility.
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The model takes the following form: Cross-sectional dependence is likely to be present in our specification because of the ER volatility effect of common global shocks such as world business cycles and cross-country spillovers across trading partners. Indeed, the null of cross-sectional independence is strongly rejected on the residuals of our baseline model (1) at the 1% significance level according to the
Pesaran (2004)'s test (results available upon request). In order to correct for spatial correlation in
addition to autocorrelation and heteroscedasticity, we use Driscoll and Kraay (1998) standard errors in our estimations. We also report F-statistics for a Wald test since testing the null hypothesis that reserves have no effect on the ER volatility requires a joint significance test for 's from model (1).
Empirical results
As a first step, we examine a potential non-linear effect of reserves on the ER volatility in a general setting. To do so, we replace the indicator function • in Eq.
(1) by to introduce quadratic terms. As seen from Table 1 columns (1), (3), (4) and (6), a negative and statistically significant verifies an ER stabilizing role of reserve accumulation during normal times, and a positive indicates convexity of the stabilizing effect. While amassing reserves initially helps reduce the ER volatility in the next period, the size of this buffering effect becomes smaller as a reserves-to-debt ratio rises, suggesting the presence of diminishing returns to reserve accumulation.
Moreover, the results in columns (4)- (6) show that, during the period of the recent global financial crash, reserves' mitigating effect becomes weaker (| | | |), but at the same time decreasing returns to reserve hoarding are not as strong as they are in good times (
). These results are particularly prominent in EMEs, reflecting that a relationship between the ER volatility and reserves may depend on the level of reserve adequacy, whose difference is huge between advanced and emerging market countries (see the last row in Table 1 ).
In fact, the reserve adequacy shows no significant signaling effect in advanced countries during our sample period and thus our focus in the subsequent analysis will center on EMEs.
Regarding other control variables, the ER volatility seems positively related to financial stress and variations in the money growth, and negatively to the output growth. In addition, higher domestic financial development with more liquidity tends to increase, rather than decrease, the currency volatility in advanced economies, but not in EMEs. The effect of trade and financial openness is not statistically different from zero.
The next step is to introduce a threshold analysis by letting the stabilizing effect vary at the different levels of reserves. From negative in Table 2 , we find that reserves generally act as a buffer for ER shocks during tranquil periods. Note that at each specified reserve-to-debt threshold ratio, is supposed to be statistically significant and positive if (marginal) returns to reserve buildup decline. As shown by positive in columns (2)-(5), the diminishing returns kick in once the reserve adequacy ratio exceeds a threshold of the 50 th percentile during normal times, which is a level roughly 2.33 times higher than the Greenspan-Guidotti benchmark. 4 We investigate next whether reserves exhibit a similar non-linear effect during the recent global financial crisis. From positive in Table 2 , we see that exposure to severe global financial turbulence that brings about large swings in the ER and increased vulnerability to external shocks generally weakens the smoothing effect of reserves. We also find that decreasing returns with respect to the ER stabilization may come into play once the reserve adequacy ratio reaches the 30 th percentile (inferred from 0 in column (1)). However, such diminishing returns do not continue to exist at the higher level of reserves. Interestingly enough, large stocks of reserves above the 70 th percentile (equivalent to / 3.13) tend to make the magnitude of decreasing returns much smaller during stress times, and can even lead to increasing returns as seen in columns (3)-(5).
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In other words, during the crisis, the reserve buildup does help buffer the EX shocks (albeit less effective than good times) and its marginal mitigating effect does not decline even at the excessive level of reserves.
In order to check the robustness of the main results presented in 
Conclusion
This paper presents that the vast stockpile of international reserves certainly helps mitigate the exchange rate fluctuations. However, it exhibits the asymmetric stabilizing impact depending on the state of the economy. Amassing excess reserves is costly during normal times due to the apparent presence of decreasing marginal returns in buffering the exchange rate volatility. Conversely, diminishing returns to massive reserves barely exist when global financial stress arises. These results call for amending benchmark optimal reserves to reflect diminishing returns and their state-dependency. Additionally, the results also suggest the extension of deeper international macro cooperation through reserve pooling or swap arrangements to enhance efficiency of reserve management in emerging market economies. 
Table 2
Exchange rate volatility and reserve-to-debt ratio: threshold analysis.
(1) (2) (3) (4) 
